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@ Novel crystalline 7-(2-(2-aminothia2oi-4-yl)-2-hydroxylmlnoacetainido)-3-vinyl-3-cephem-4-carboxyllc 
acid (syn isomer). 

@ Crystalline 7-[2-(2-aminothia2ol-4-yl)-2-hydroxyirninoacetamido]-3-vinyl-3-cephern-4-carboxyllc acid (syn iso- 
mer) which is obtainable by acidifying a solution containing 7-[2-(2-aminothiazol-4-yl)-2-hydroxyiminoacetamldo- 
3-vinyl-3-cephem-4-carboxylic acid (syn Isomer) at room temperature or under warming. Such crystalline 
compound shows a characteristic X-ray diffraction pattern. The invention comprises also processes for preparing 
such crystalline compound and pharmaceutical compositions containing it as active ingredient. 
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NOVEL CRYSTAaiNE7-I2.(2.AMIN0THIA2OL.4.YL)-2-HYDR0XYIMINOACETAMID<M.3-VINYL.3<»HEI^ 

CARBOXYUC AaO (SYN ISOMER) 

The present invention relates to novel crystalline 7-(2.(2.afninothiazol-4-yl).2-hydroxyi(ninoacetamido]-3- 
vinyl-3-cephem.4-carboxylic acid (syn isomer) [hereinafter referred to as "the compound (I)" in the oreMnt 
specification] as shown by the following formula (I) : h <~ 

5 

N Tj C— CONH 1 — 

H^lT^S^ N-OH /~N^CH»CH2 (I) 



to 



COOH 



The compound (I), which is a very useful antimicrobial agent, is a known compound and was described 
for example.in U.S. Patent No. 4.559.334 as the object compounds of Examples 14 and 16 

Our further experimental investigation revealed that the compound (I) each prepared accordina to the 
ts procedures of said Examples 14 and 16 in said U.S. Patent was a crystalline like amorphous product not a 
crystalline product. However, the amorphous product has disadvantages that it is bulky not so cure 
unstable and insufficient in filtration rate, therefore it is not suitable for a pharmaceutteal pr^uct or Is not 
easy to handle m the pharmaceutical preparations, in producing it in a large scale or in storage 

After an intensive study, the inventors of the present invention succeeded in obtaining the compound «) 
20 as a special crystalline form. i.e. Crystal A and completed the present Im^entlon. which is explained In detai 
as loiiows. >-w««. 
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Physicochemicai Properties of Crystal A of The Compound (I) 



«vn.irn!w^^^!?'^^,r P'^P^"^'^^ ^-^^^^^ A compound (I) provided by the present invention are 
explained in the following. 

1) Crystal Form 

prisms 

30 2) Powder X-Ray Diffraction Pattern 

Ovstal A of the compound (I) shows its distinguishing peal<s at the diffraction angles [20 C)]as shown in 
tne roiiowing table* 
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40 



46 



50 



29( ) 



about 14.7 



about 17.8 



about 21 .5 



about 22.0 



about 23.4 



about 24.5 



about 28.1 



f ""l ^"'^y diffraction pattern of Crystal A of the compound (I) obtained in Example 

4 described later is shown. 

But this diffraction pattem is given only for a reference and any crystal of the compound (I) which shows 
substantially the same diffraction pattem is identified as Crystal A of the compound (I). 
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3) Infrared Absorption Spectrum 
In Figure 2. a chart of Infrared absorption spectrum of Crystal A of the compound (I) obtained in Example 4 
described later is shown. 

But this spectaim is given only for a reference and any crystal of the compound (I) which shows 
5 substantially the same spectrum is identified as Crystal A of the compound (1). 

The Process For Preparing Crystal A of The Compound (I) 

70 In the following, the process for the preparation of Crystal A of the compound (I) of the present 
invention is explained in detail. 

Crystal A of the compound (I) can be obtained by acidifying the solution containing the compound (I) at 
room temperature or under warming and thereby having the crystals separate out of the solution. 

Suitable examples of "the solution containing the compound (1)" may include, for example, an aqueous 
15 solution of the alkali metal salt of the compound (I). 

The solution containing the compound (I) is acidified, if necessary, after said solution is subjected to a 
column chromatography on activated charcoal, nonionic adsorption resin, alumina, acidic aluminium oxide. 
This acidifying process can be carried out by adding an acid such as hydrochloric acid or the like 
preferably in the temperature range from room temperature to 40*C, more preferably, from 15 to 40* C. 
20 The amount of the acid to be added is preferably the one which makes the pH value of the solution from 1 
to 4. 

Crystal A of the compound (I) can be also obtained by dissolving the compound (1) in an alcohol 
(preferably methanol), continuing to stir this solution slowly under warming (preferably below 40* C). 
preferably after the addition of water warmed at almost the same temperature as that of said solution, then 
25 cooling this solution to room temperature and allowing it to stand. 

During the crystallization of Crystal A. it is preferable to keep the condition of slightly beyond the 
saturation. 

Crystal A of the compound (I) obtained according to aforesaid process can be collected by filtration and 
dried by means of the conventional methods. 
30 The water content of Crystal A of the compound (I) obtained above is about 0.8% (measured by Karl 
Rsher method). 



The Advantage of The Crystal A of The Compound (I) 
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The Crystal A of the compound (I) is not bulky, is very pure and is very stable against heat, light and 
the like. Therefore, the Crystal A of the compound (I) is suitable for a pharmaceutical product and is easy to 
handle in the pharmaceutical preparations and in storage. 

Further, the Crystal A of the compound (I) has sufficient filtration rate and the operation efficiency in 
40 case of producing it Is very high. Therefore the Crystal A of the compound (I) is very suitable to produce 
even in a large scale such as a laboratory scale. 

Moreover, due to its ease to be filtered . impurities are difficult to mix in the purification step. Therefore, 
the compound <l) with high quality can be produced. 

As stated above, the Crystal A of the compound (I) possesses very good advantage and much superior 
45 to the amorphous product of the compound (I). 

In order to show said advantage of the Crystal A of the compound (I), the comparative test results on 
stability between the Crystal A of the compound (I) and the compound (I) given by aforesaid U.S. Patent 
No. 4,559,334 are shown in the following. 
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Test Sample 



Sample 1 - the compound (I) obtained in Example 14 in said U.S. Patent 
Sample 2 - the compound (I) obtained in Example 16 in said U.S. Patent 
55 Sample A - Crystal A of the compound (I) of the present invention 
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Test Method 



clTT^ ?f , ^ "'^ examined under the condition of 50* C in a closed container. 

Color of the solution of each sample was determined by measuring transmittance at sio nm 
spectrophotometerO- %) (i% solution in 1% NaHCO, aqueous Lution w« uJ^ 
the ^ir^V^ '^"'^ Chromatography and the residua, percentage to 



TO Test Results 



TS 
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Test 
Sample 


Test Item 


Initial 


After 1 
day 


After 7 days 


Sample 


appearance 


pale brownish yellow powder 


ditto 


brownish yellow powder 


1 


color of the solution (T%) 


47.0 


39.2 


25.5 




potency (%) 


100 


97.2 


85.1 


Sample 


appearance 


yellow powder 


ditto 


brownish yellow powder 


2 


color of the solution (T%) 


63,8 


54.5 


37.3 




potency (%) 


100 


89.3 


52.4 


Sample 


appearance 


yellowish white crystal 


ditto 


ditto 


A 


color of the solution (T%) 


98.9 


98.9 


98.7 




Potency (%) 


100 


99.8 


99.4 



As Shown in the test result there was slight change in the appearance of Samples l and 2 while ttmrm 
was no change in the appearance of Sample A. oampws ana while there 

Further there was significant lowering of the transmittance (T%) in case of Samples 1 and 2 while 
there was almost no lowering in case of Sample A. ^ / « oampies i ana z. while 

These results indicated that Samples 1 and 2 were much easier to discolor than Sample A 

NM. DM procMa toe preparing the oompound (1) 05« In M pr.»M tmMion H .xplalnM In Mm. 
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Process For Preparing The Compound (I) 

4 55l?34!T'^^n? ^' ! <=^" P^sPared by the method disclosed in U.S. Patent No 

4.559 334 as mentioned before, but In order to obtain the compound (I) at higher yield it is Drefe^bte tn 
use the method as shown in the following reaction schemes preferable to 



CH=CH. 
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(II) 

or a reactive deriva-tive 
at the amino group thereof 
or a salt thereof 

ClCHjCOCHjCOOH (III) 



Step A 



or a reactive derivative 

at the carboxy group thereof 

or a salt thereof 



so 
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t 



CICH2COCH2CONH- 



O 1 CH-CH, 



TQ 



75 



20 



25 



(IV) 

or a salt thereof 



Step B 



Nitrosating Agent 



ClCHjCOCCONH 



s 

OH 



(V) 



/ 1 



30 



3S 



40 



45 



thiourea 



Step C 



R 

(VI) 

or a salt thereof 



removal reaction 
of the carboxy 
protective group 

CH=CH^ 



Step E 
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TQ 



removal 

reaction 

of the 

carboxy 

protective 

group 



ClCHjCOCCONH- 



Step D 



N 
OH 



T CH=CH, 



COOH 
(VII) 

or a salt thereof 



C) 



15 



20 




CH=CH 



2 thiourea 



(I) 

or a salt thereof 



COOH 



Step F 



25 



ao 



35 



N C-CONH 1 r^^> 



o 



40 



50 



COOH 

(I) 

or a salt thereof 

wherein R is a protected carboxy group. 

Suitable "a protected carboxy group" in aforesaid R may Include the ones wliich are used convention- 
ally in cephalosporin compound, for example, esterified carboxy, and the like. 

Suitable examples of said "esterified carboxy" may include ar(lower)ali<oxycarbonyl such as benzylox- 
ycarbonyl, benzhydryloxycarbonyl. trityloxycarbonyl or the like, and the lil<e. 

Suitable salts of the compound (I) are conventional non-toxic salts and may include a salt with a base or 
an acid addition salt such as a salt with an inorganic base, for example, an alkali metal salt (e.g. sodium 
salt, potassium salt. etc.). an alkaline earth metal salt (e.g. calcium salt, magnesium salt, etc.). an 
ammonium salt; a salt with an organic base, for example, an organic amine salt (e.g, triethylamine salt, 
pyridine salt, picoline salt, ethanolamine salt, trlethanolamine salt, dicyclohexylamine salt, N.N -diben- 
zylethylenediamlne salt, etc.) etc.; an inorganic acid addition salt (e.g. hydrochloride, hydrobromide, sulfate, 
phosphate, etc.); an organic acid addition salt, for example.an organic carboxylic or sulfonic acid addition 
salt (e.g. formate, acetate, trifluoroacetate. maleate. tartrate, methanesulfonate. benzenesulfonate, p- 
toluenesulfonate, etc.); an organic phosphonic acid addition salt (e.g. 3-'(N-formyl-N-hydroxyamino)- 
propylphosphonate, 2-hydroxy-8-(N-hydroxyamino)propylphosphonate, etc.], etc.; a salt with a basic or 
acidic amino acid (e.g. arginine, aspartic acid, glutamic acid, etc.); and the like. 

The process for preparing aforesaid compound (I) is explained in detail In the following. 
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Step A 

The compound (IV) or a salt thereof can be produced by reacting the compound (11) or a reactive 

tnmethyls.lyiacetamide. bis(trimethyls.iyl)acetamide. bis(trimethylsilyl)urea^ and the lite ^S^^JtelTrl^ 
ac.d brom.de. or the hke. which can be prepared by the reaction of diketene and halogen, 
m ^d?u^J? ^1'"! 1"'"''°""'* ""^^ ^^'^ ^^'"^^ «^ exemplified for the compound 

The reaction is usually conducted in a conventional solvent which does not adversely influence the 
reaction such as w^er. acetone, dioxane. acetonitrile. chlorofom,. benzene, carbon tetr^roridTTeSe^ 
chlonde. ethylene chloride, tetrahydrofuran, ethyl acetate. N.N-dimethylfom,amide. N.lShSXl«2ri 
pyridine, hexamethyiphosphoramide. etc.. or a mixture thereof. •'.•^•memyiacetamide. 
The reaction temperature is not critical and the reaction is usually conducted under cooling to wamiing. 

Step B 

agen?^ """PO""** (V) can be produced by reacting compound (IV) or a saH thereof with a nitrosating 
Suitable nitrosating agent may include nitrous acid and its conventional derivatives such as nitrosvl 

etc.). alkyi nitnte {e.g. butyl nitrite, pentyl nitrite, isoamyl nitrite, etc.). and the like p«««»"^ 

In case that a salt of nitrous ackl. for example, its alkali metal salt is used as a nitrosatino aoent the 

reaction is preferably canried out in the presence of an acid such as an inoroSiic 7^2^^ „ 
30 hydrochloric acW. sulfuric acid, fonnic acid acetic acid. etc.). ^ ^ ^ inorganic or organic acid (e.g. 
This reaction Is usually conducted in a conventional solvent which does not adversely influence the 

mSl'th'rL" ^''^ '-''^y^'-^-^^ methyZc^SToT: 

coolilTg^bSmZ^^^^ "'"''^ '^"^ ""^""^ ^ 

puriSoT'^""'' ^'^^^^^ starting compound in the next step. Step C. without isolatfon or 



TO 



20 



25 



OS 



45 



40 Step C 

This reaction e usually conducted in a conventional solvent which does not adversely influence the 
^act|on such as ethyl acetate, methylene chloride, chlorofom,. carbon tetrachloride SSvd 1^ Nn! 
djmett,ytfom,am,de. N.N^imethylacetamide. dioxane. water, acetic acid. fornSctiHa t a^lii^^'e 

The reaction temperature is not critical and the reaction is usually conducted under cooling to warming. 
50 Step D 

tn thi ^^'^^ subjecting the compound (VI) or a salt thereof 

to the removal reaction of the carboxy-protective group « \vi; or a saii inereot 

55 comS'uSV* *^ ^""^ ""'^ ^ ^^"'P"'*^^ ^•'^ 

or t^em^ ™y '"^'"^^ conventional one such as hydrolysis, reduction. 
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(i) For hydrolysis : 

Hydrolysis is preferably carried out in the presence of an acid. 

Suitable acid may be an inorganic acid (e.g. hydrochloric acid, hydrobromic acid, sulfuric acid etc.). an 
5 organic acid (e.g. formic acid, acetic acid, trifluoroacetic acid, propionic acid, methanesulfonic acid, 
benzenesulfonic acid, p-toluenesulfonic acid etc.). an acidic ion-exchange resin and the lil<e. 

In case that the organic acid such as trifluoroacetic acid and p-toluenesulfonic acid Is used In this 
reaction, the reaction is preferably carried out In the presence of cation trapping agents (e.g. anisole. etc.). 

Further, instead of the above acid, Lewis acid such as boron trifluoride, boron trifluoride etherate. 
70 aluminum trichloride, antimony pentachloride, fenric chloride, stannic chloride, titanium tetrachloride, zinc 
chloride, and the like can be also used in this reaction, and in case of using Lewis acid, the reaction can 
preferably be carried out in the presence of cation trapping agent (e.g. anisole). 

The hydrolysis is usually conducted in a conventional solvent which does not adversely influence the 
reaction such as methylene chloride, water, methanol, ethanol, propanol. tert-butyl alcohol, tetrahydrofuran, 
75 N.N-dimethylformamide. N.N-dimethylacetamide. dioxane or a mixture thereof, and further the above- 
mentioned acids can be also used as a solvent when they are In liquid. 

The reaction temperature of this hydrolysis is not critical, and the reaction is usually conducted under 
cooling to warming. 
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(li) For Reduction 



Reduction is conducted in a conventional manner Including chemical reduction and catalytic reduction. 
Suitable reducing agents to be used in chemical reduction are a combination of a metal (e.g. tin, zinc, 
25 iron, etc.) or metallic compound (e.g. chromium chloride, chromium acetate, etc.) and an organic or 
inorganic acid (e.g. formic acid, acetic acid, propionic acid, trifluoroacetic acid, p-toluenesulfonic acid, 
hydrochloric acid, hydrobromic acid. etc.). 

Suitable catalysts to be used in catalytic reduction are conventional ones such as platinum catalysts 
(e.g. platinum plate, spongy platinum, platinum black, colloidal platinum, platinum oxide, platinum wire, 
30 etc.), palladium catalysts (e.g. spongy palladium, palladium black, palladium oxide, palladium on carbon, 
colloidal palladium, palladium on barium sulfate, palladium on barium carbonate, etc.), nickel catalysts (e.g. 
reduced nickel, nickel oxide, Raney nickel, etc.), cobalt catalysts (e.g. reduced cobalt, Raney cobalt, etc.), 
iron catalysts (e.g. reduced iron. Raney iron, etc.), copper catalysts (e.g. reduced copper, Raney. copper, 
Ullman copper, etc.) and the like. 
35 The reduction is usually conducted in a conventional solvent which does not adversely influence the 
reaction such as water, methanol, ethanol, propanol, N,N-dimethylformamide, or a mixture thereof. 

Additionally, in case that the above-mentioned acids to be used In chemical suitable reduction are in 
liquid, they can be also used as a solvent. Further, a suitable solvent to be used in catalytic reduction may 
be the above-mentioned solvent, and other conventional solvent such as diethyl ether, dioxane. 
40 tetrahydrofuran. etc.. or a mixture thereof. 

The reaction temperature of this reduction is not critical and the reaction is usually conducted under 
cooling to warming. 



45 Step E 

The compound (Vll) or a salt thereof can be produced by subjecting the compound (V) to the removal 
reaction of the carboxy-protective group. 

Suitable salts of the compound (Vll) may include the same salt with a base as exemplified for the 
50 compound (I). 

The removal reaction of the carboxy-protective group in this step can be carried out according to a 
similar manner to that explained in Step D. 



55 
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StepF 

mouH '^"'^""'^ ^'^ °' * ^ ttiereofcan be produced by reacting the compound (VII) or a salt thereof with 

5 This reaction can be can-ied out according to a similar manner to that explained in Step C 

In case that the compound (I) obtained by means of aforesaid process is in fr5i"f5rm it can be 
converted to Its salt form, especially to Its acid addition salt according to a conventional manner and in case 
that the compound (I) obtained is in salt form, it can be converted to its free tomt according to a 
conventional manner (Please make reference to References 1 to 4 described later). 

10 Further, the compound (1) obtained according to aforesaid pweas can be converted to Crystal A 

of the present invention by applying the method to prepare said crystal disclosed before duFiSgttSTsolafion 
step of the compound (I) . 

The process explained above in the one which gives the compound (I) in high yield and this process 
can be earned out very safely. Said process Is also suitable for preparing the compound (I) in a large scale. 
Examptes^ following, the present Invention is explained In more detail according to Preparations and 

Preparation 1 
so " 

Benzhydryl 7.amino-3-viny|.3-cephem-4-carboxylate hydrochloride (26.6 kg) was dissolved in N N- 
dimethylacetamid© (78 t) and then this solution was cooled to -10 ' C. 

A solution of 4-chloroacetoacetyl chloride in methylene chloride, which was prepared by bubbling 
chlonne (6.5 kg) into a solution of diketene (7.6 kg) in methylene chloride (130 l) below -25* C was added 
2S dropwise to the solution obtained above at -10 - o'C with stirring. After the addition, the stirring wS 
continued at the same temperature for 30 minutes. ^ 

^^^f the reaction, the reaction mixture was diluted with methylene chtoride (130 t) at 5* C with stirrina 
*en 6/. sodium bicarbonate aqueous solution (260 I) was added thereto with sfirring and then the organic 
layer was separated. The organfc layer was washed witti water (156 I) at S'c. The organfc laver was 
30 concentrated In vacuo to the volume of 182 l and then acetone (130 I) was added thereto and the solution 
Thw^""! * '° ^"'"""^ °* ^- concentrated solution, acetone (78 t) was 

« T" r *°P*J=« ^ 20* C. After stirring for 10 minutes, water (260 7) 

was added thereto and this solution was cooled to 5* C with stirring, then allowed to stand ov^mlgW 
« H - J?® resuttant crystals were collected by filtration, washed with 30% aqueous methanol (130 t) and then 
35 dned to give benzhydryl 7-(4-chloroacetoacetamido)-3-vinyl-3-cephem-4<arboxylate (31 .3 kg). 

IR (Nujol) : 3260, 1775. 1713. 1661. 1224. 698 cm"' 

5.80 (1H. dd. J = 8H2 and 5H2). 5.63 1H, d. J = 18Hz). 5.30 (1H. d, J'llHz) 5 22 flH d J»SH,\ Ana 
40 (2H.S). 3.93 and 3.60 (2H.ABq. J = 18H2). 3.61 (2H.S). 5-22 OH. d. J-5Hz). 4.59 
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Preparation 2 

Benzhydryl 7-(4-chloroacetoacetamido)-3-vinyl-3-cephem~4.carboxylate (30.8 kg) was suspended in 
methylene chlonde (290 t) and this suspension was cooled to -S'C. After cooSg. W.tSZ^n 

f (267 ml) was added thereto, then isoamyl nitrite (7.1 kg) was added 
the resultant mixture was stirred for 60 minutes at 0 C. x y/ «» auuwj ana 

The resultant solution of benzhydryl 7-(4-chloro-2-hydroxyiminoacetoacetamido)-3-viny|.3<ephem-4. 
carboxylase in methylene chloride was added to a solution of thiourea (6.5 kg) in N.|sWimethylacetamide (78 
!, P <=°"ce"*ration of the reaction solution in vacuo. After methylene chtoride was 

removed, the mixture was stirred for 30 minutes at SO' C. After the reaction was over, acetone (145 I) and 
fwil J""" ^''^^^ solution (73 t) were added thereto at 20* C and the resultant solution was 

added dropw.se to water (290 t) for 20 minutes with keeping the temperature of the solution at 20* C /JS 

Tnl^H f r .h'®!""^"* ^^'■"'•"^ '° « 5% sodium bicarbonate aqueous so ution. 

cooled to 5 C with stirring and then allowed to stand overnight. »"iu«on. 

hhJ^! resultant precipitates were collected by filtration, washed with 40% aqueous acetone (145 t) and 

dned to give benzhydryl 7-[2-(2-aminothiazol-4-yl)-2-hydroxyiminoacetamido]-3-viny|.3-cephem-44rt>. 

10 
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oxylate (syn isomer) (36.g kg). 

IR (Nujoi) : 3320, 1782, 1720. 1670, 1618, 1528. 1220. 698 071""^ 

NMR (DMSO-de. 5) : 11,31 .(1H. s). 9.58 (1H. d. J = 8Hz). 7.6-7.2 (10H. m). 7.14 (2H. broad s). 6.98 (1H. s). 
6.79 (1H. dd, J-18H2 and J^IIHz). 6.72 (1H. s). 5.92 (1H. dd. J = 8H2 and SHz). 5.67 (1H. d,J = 18Hz). 
5.31 (1H, d. J = 11Hz). 5.29 (1h. d. J -SHz). 3.93 and 3.60 (2H. ABq. J-18Hz). 



Benzhydryl 7-amino-3-vinyl-3-cephem-4-carboxylate hydrochloride (68.9 g) and^bis(trimethylsilyl)urea 
(103 g) were dissolved in tetrahydrofuran (700 ml) and the solution was cooled to -25 *C. To this solution 4- 
chloroacetoacetyl chloride, which was obtained by reacting a solution of diketene (17.9 g) In methylene 
chloride (50 ml) with a solution of chlorine (14.9 g) in carbon tetrachloride (100 ml) at -40 - -30* C, was 
added slowly at -25 'C and the mixture was stirred for 1 hour at -15* C. The reaction mixture was poured 
into a mixture of ethyl acetate (900 ml) and water (900 ml). The organic layer was separated and washed 
with sodium chloride aqueous solution (700 ml). Solvent was removed and to the resultant crystals isopropyl 
ether (700 ml) was added and the mixture was stinred for 1 hour under ice-cooling. The crystals were 
collected by filtration and dried to give benzhydryl 7-(4-chloroacetoacetamido)-3-vinyl-3-cephem-4-carbox- 
ylate (72.5 g). 

NMR (CDCI3, 5) : 3.55 (2H, ABq. J^ISHz). 3.60 {2H. s). 4.17 (2H. s). 4.99 (1H. d, J=5H2). 5.27 (1H, d. 
J = 11Hz). 5.42 (1H, d. J = 17Hz). 5.81 (IH. dd. J = 5Hz and 8Hz). 6.95 (1H, s), 7.00 (1H. dd, J = 11Hz and 
17Hz), 7.10-7.53 (10H, m). 



Preparation 4 

To a solution of benzhydryl 7-(4-chloroacetoacetamido)- 3-vinyl-3-cephem-4-carboxylate (5.0 g) in 
methylene chloride (45 ml) and acetic acid (16.5 ml) was added dropwise a solution of sodium nitrite (1.35 
g) in water (2.5 ml) at -20' C and then the mixture was stin'ed for 8 minutes. Ethyl acetoacetate (1.27 g) was 
added thereto and the mixture was stirred for 5 minutes, then the reaction solution was washed with water 3 
times. The organic solvent was removed to give a residue, which was triturated with diisopropyl ether. The 
resultant solid was collected by filtration and dried to give benzhydryl 7-{4-chloro-2-hydrox- 
yiminoacetoacetamido)-3-vinyl-3-cephem-4-carboxylate (4,36 g). 

IR (Nujol) : 3260. 1765. 1705. 1650. 1540 cm^' NMR (CDCI3. 5) : 3.60 (2H. broad s), 4.74 (2H, s). 5.09 (IH. 
d. J = 5Hz). 5.33 (IH. d. J = 11Hz). 5.49 (IH. d. J = 17Hz). 5.80 (IH. dd, J = 6Hz.and 8Hz), 6.99 (IH, s), 7.10 
(IH. dd, J = 11Hz and 17Hz), 7.18-7.57 (10H. m). 9.38 (IH. d. J-8HZ). 



Benzhydryl 7-(4-chloro-2-hydroxyimino-acetoacetamldo)-3-vinyl-3-cephem-4-carboxylate (25.0 g) was 
dissolved in a mixture of methylene chloride (150 ml) and anisole (15 ml). To the resultant solution was 
added dropwise 2,2.2-trifluoroacetic acid (500 ml) at 5*C with stirring, then the mixture was stirred for 30 
minutes. 

The reaction solution was concentrated in vacuo and the resultant residue was triturated with diisopropyl 
ether (250 ml) to give a solid product (16.5 g). 

This product was dissolved in isopropyl alcohol (80 ml) and dealt with activated charcoal (1 .6 g), then 
the solution was allowed to stand at 5* C for 3 hours. The resultant precipitates were collected by filtration 
to give colorless crystals (7.8 g)(This crystal contains one molecule of isopropyl alcohol). 

The resultant crystals (6.0 g) were recrystallized from a mixture of ethanol (25 ml) and water (50 mi) to 
give 7-(4-chloro-2-hydroxyim!noacetoacetamido)-3-vinyl-3-cephem-4-carboxylic acid (3.4 g). 
mp : 134-138' C (decomp.) 

IR (Nujol) : 3350, 3450. 3250. 1770. 1700. 1665, 1540 cm-' 

NMR (DMSO-de, 5) : 3.83 and 3.57 (2H. ABq. J = l8Hz). 5.80 (2H. s). 5.17 (IH. d. J=5Hz), 5.30 (IH, d. 
J = 11 Hz). 5.57 (1H. d, J = 17Hz). 5.78 (1H, dd. J = 8Hz and J = 5Hz). 6.88 (IH. dd, J = 17Hz and J=11Hz). 
9.28 (IH, d. J = 8Hz), 13.08 (IH, s). 



Preparation 3 



Preparation 5 
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The Preparation Of Crystal A Of The Compound (I) 



5 Example 1 



7-{2-(2-Aminoth^a^ol-4-yl)-2-hydroxyimi^oacetamido^3-vinyl-3-cephem■4-carboxvlic acid isvn i*om«rW«« 

^turated sod.um bicarbonate aqueous solution. The resultant solution was sui^ to a colu^ 
70 Chromatography on activated charcoal and eluted with 20% aqueous acetone » » <^"^ 

aaji«teci to pH 1.8 at 35 C with 4N hydrochlonc acid. The resultant precipitates were collected bv filtration 
w«hed with water and dried to give 7^2^2.aminothia2ol-4.yl).2.hyd™xylLoacet;i1,£;JX^^^ 
4-carboxylic acid (syn isomer){19.29 g) as crystals (Crystal A) «or^inyi «epnem- 

TS IR (Nujol) : 1760, 1670. 1620 cm"' 



Example 2 

'° *SH^fc ^ °* H2-(2-aminothia20l-4-yl)-2. hydroxyiminoacetamidoh3-vinyl-3K:ephem-».carboxvlic 

^"'^ ^^^^ s'O'^'y 3 '"'""tes. then allowed to standi 

room temperature. The resultant crystals were collected by filtration, washed witf^ water a^^ ^ 

r^ry^Ssl^^Ta^tr^^^^^^ <^ '--^ 

IR (Nujol) : 1760, 1670. 1620 cm-^ 

In the following, powder X-ray diffraction pattern of this Crystal A was shown 

The measurement condition was as follows. 

Target : Cu Filter : Nl • 
30 Voltage : 30 kv Current 10 mA 
Detector : Scintillation Counter 
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Example 3 

Benzhydryl 7-[2-(2-aminothia20l-4-yl)-2-hydroxylmlnoacetamido]-3-vinyl-3-cephem-4-carboxylate (syn 
isomer}(35 kg) was suspended in anisole (239 1) and this suspension was cooled to -10*C. 98% fomnic 

20 acid (3.3 kg) and 47% boron trifluoride etherate (54 kg) were added thereto at the same temperature, then 
the mixture was stinted for 40 minutes at -1 -1*0. 

To the reaction solution, acetone cooled to -10* C (199 I) was added. By adding dropwise both this 
solution and 12% sodium hydroxide aqueous solution to a mixture cooled at -10* C of water (265 I) and 
acetone (212 t) at the same time with stirring, the neutralization reaction was carried out in the range from 

25 pH 4 to 6 at -10 -0*0. 

After neutralization, the mixture was allowed to stand, then aqueous layer was separated. Aqueous layer 
was washed with ethyl acetate (106 I). After the aqueous layer was washed with ethyl achate (106 I) 
again, it was concentrated in vacuo to the volume of 557 t . The concentrated solution was adjusted to pH 
3.7 with 17.5% hydrochloric acid at 20* C to precipitate the crystals. This mixture was cooled to 5*C with 

30 stirring, then stirred overnight. The resultant crystals were collected by filtration, washed with water (133 I) 
and dried to give crude crystals of 7-[2-(2-aminothiazol-4-yl)-2-hydroxyiminoacetamidoJ-3-vinyl-3-cephem-4- 
carboxylic acid (syn isomer)(Crystal A)(17.3 kg). 
IR (Nujol) : 3295, 1767, 1683. 1620, fSlS. 1013 cm'^ 

NMR (DMSO-de. 5) : 11.27 (1H. broad s). 9.53 (IH. d, J = 8H2), 7.11 (2H. broad s). 6,96 (1H. dd. J = 18Hz 
35 and 11 Hz), 6.70 (1H. s), 5.80 (IH. dd. J = 8H2 and 5Hz), 5.60 (1H, d, J = 18H2). 5.31 (1H. d. J = 11Hz), 5.20 
(1 H. d. J = 5H2), 3.87 and 3.53 (2H, ABq. J ^ I8H2), 



Example 4 

40 

A suspension of crude crystals of 7-[2-(2-aminothiazoM-yl)-2-hydroxyiminoacetamido]-3-vinyl-3- 
cephem-4-carboxylic acid (syn isomer)( Crystal A) obtained in aforesaid Example 3 (21.1 kg) in water (255 
I) was cooled to 5* C. Sodium bicarbonate (2.7 kg) was added thereto at 5 C andlJIssolved under reduced 
pressure with degassing. The resultant solution was subjected to a column chromatography on nonionic 

45 adsorption resin "Diaion HP-20'' (51 l)(Trademark:manufactured by Mitsubishi Chemical Industries). The 
eluate obtained above was then subjected to a column chromatography on y-alumlna (25.5 I) and eluted 
with 3% sodium acetate aqueous solution. The resultant eluate was adjusted to pH 3.5 at 21-25'C with 
17.5% hydrochloric acid and then the crystals were crystallized out of the solution by the addition of 17.5% 
hydrochloric acid with keeping the pH of the solution at 3.5. The resultant suspension containing the 

50 crystals was cooled to 5'C*and stinred overnight. The crystals were collected by filtration, washed with 
water {42.5 1) and dried in vacuo at 35 *C to give 7-[2-(2-aminothia2o!-4-yl)-2-hydroxyiminoacetamido]-3- 
vinyl-3-cephem-4-carboxylic acid (syn isomer)(6.7 kg) as crystals (Crystal A). 
IR (Nujol) : 1765, 1685. 1620 cm'^ 

In the following, powder X-ray diffraction pattern of this Crystal A was shown. The measurement 

55 condition was the same that was used in Example 2. 
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Example 5 

7-{4^loro-2-hydroxyiminoacetoacetamido)-3-vnnyl-3H:ephem-4<arbo>v acid (373.8 mg) was added 
to a mocture of tt„ourea (76 mg). sodium acetate (82 mg) and water (5 Z). The pH Sue7f thTre^^ 

S S^JJjS«to^dr'^°::i""'^"'' ^'^^^ ^^^"^ ^^-^^^^^ 4 hours, then Lu^ (M mol 
was added thereto and the mixture was stirred further for 2 hours 

The yellowish reaction mixture was filtered by passing it through a column packed with acidic 
alum.murn ox.de (5^0 g) (Elution was carried out by using l •/, sodium acetete bu^r slSS^H ^, 
The eiuate was adjusted to pH 3.3 with 10% hydrochloric acid, then stirred slowly ^^1 hour at room 
temperature. The resultant crystals were collected by filtration, washed with smaH ^oum of cS^w^LrSS 
dned ,n vacuo over phosphorus pentoxide to give 7.[2-(2.aminothia20l-».yl).24,ydroxyim°n^iZoS 
v.nyl-3^ephem-H:arboxylic acid (syn isomer) as crystals (Crystal A) (239 rngj "y*'~''y""'"°««'»"'*h3- 

mp : 182-187 C (decomp.) — * 

IR (Nujol) : 3350. 3300. 1770. 1690. 1630. 1600. 1560. 1520 cm- 

NMR (DMSOds. 6) : 3.57 and 3.83 (2H. ABq. J = 18H2) 5 18 (1H d J = 5Hz\ S /ih m i-i^u v 
In the following References to 4. the various salts of the compound (I) are given. 

Ry ference 1 

To a suspension of 7-[2-(2-an;inothia20l-4-yl)-2-hydroxyiminoacetamido]-3-vinyl-3-ceDhem-4-carboxviic 
ac.d (syn .somer)(4.26 g) in water (26 ml) was added cone, hydrochloric acid (lae l) atTo^t^S^J^e 
then the mixture was stirred under ice-coo.ing for 1 hour. The solvent was removed byTcS^ td 

n-hexane.Te^e:u^T^wder 

was collected by filtration to g.ve 7.[2-(2.am.nothia20l-4-yl)-2-hydroxyiminoacetamidol-3-vinyl-3-cephem.4. 

14 
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carboxylic acid hydrochloride (syn isomer)(4.30 g). 

IR (Nujol) : 3200, 1760-1780. 1720. 1660-1680. 1625 cm-^ 

NMR (DMSO-dc. 5) : 3.70 {2H. ABq. J = 18 and 5.22 (1H. d. J = 5Hz), 5.30 (1H. d, J = 11Hz), 5.75 (1H. dd. 
J = 8 and 5H2). 5.59 (1H. d. J = 17H2). 6.85 (1H. s), 6.70-7.17 (2H. m). 9.67 (1H, d. J^SHz). 12.3 (1H. broad 

5 S). 



Reference 2 

10 To a suspension of 7-[2-(2-anriinothiazoI-4-yl)-2-hydroxyinfiinoacetamido]-3-vinyl-3-cephem-4-carboxylic 
acid (syn isomer)(0.4 g) In ethyl acetate (2 ml) and ethanol (2 ml) was added ethyl acetate solution 
containing sulfuric acid at 10% (0.54 ml) under ice-cooling, then the reaction mixture was stirred under ice- 
cooling for 1 hour. To the reaction mixture was added diethyl ether (40 ml) and the mixture was further 
stirred under ice-cooling for 1 hour. The resultant precipitates were collected by filtration, washed with 

75 diethyl ether and dried in vacuo to give sulfuric acid salt of 7-[2-(2-aminothia2ol-4-yl)-2- 
hydroxyiminoacetamidol-3-vlnyl-3-cephem-4-carboxyllc acid (syn isomer)(0.48 g). 
IR (Nujol) : 1765. 1750, 1720, 1660. 1640 cm-^ 

NMR (DMSO-d6. S) : 3.73 (2H. ABq. J = 18H2 and 26H2). 5.21 (1H. d, J = 5H2). 5.0-5.90 (3H. m). 6.89 (1H. 
s). 6.70-7.17 (2H. m), 9.69 (1H, d. J = 8H2). 

20 

Reference 3 

To a suspension of 7-[2-(2-aminothia20l-4-yl)-2-hydroxyiminoacetamidol-3-vinyl-3-cephem-4-carboxylic 
25 acid (syn isomer) (0.5 g) in methanol (2 ml) was added a solution of methanesulfonic acid (0.158 g) in 

methanol (0.5 ml.) at 0-5* C, then the mixture was stinted at the same temperature for 1 hour. The reaction 
' mixture was added dropwise to ethanol and the resultant precipitates were collected by filtration to give 

methanesulfonic acid salt of 7-2-(2-aminothia2ol-4-yl)-2-hydroxyimino-acetamidoh3-vinyl-3-cephem-4-car- 

boxylic acid (syn isomer) (0.56 g). 
30 IR (Nujol) : 1760-1780. 1630-1670. 1590, 1520 cm'^ 

NMR (DMSO-ds. 5) : 2.40 (3H. s) . 3.72 (2H. ABq. J = 18H2 and 26H2). 5.22 (1H. D. J = 5HZ). 5.30 (1H. D. 

J = 11HZ). 5.59 (1H, d J«17H2). 5.60-5.90 (1H. m). 6.86 (1H. s), 6.67-7.17 (2H, m). 9.67 (1H. d. J = 8H2). 

12.2 (1H. broad s). 

35 

Reference 4 

To an aqueous solution (40 ml) of 3-(N-formyl-N-hydroxyamino)propylphosphonic acid (0.43 g) was 
added 7-[2-(2-aminothia20i-4-yl)-2-hydroxyiminoacetamido]-3-vinyl-3-cephem-4-carboxylic acid (1.0 g) with 

40 vigorous stirring, then ttie mixture was stirred at room temperature for 5 hours. The reaction mixture was 
lyophllized to give a hygroscopic solid. This solid was dissolved in methanol (10 ml.), then the resultant 
solution was added dropwise to diethyl ether (500 ml) under cooling. The resultant precipitates were 
collected by filtration to give 3-(N-formyl-N-hydroxyamino)propylphosphonic acid salt of 7-[2-(2- 
aminothiazol-4-yl)-2-hydroxyiminoacetamido]-3-vinyl-3-cephem-4-carboxylic acid (syn isomer)(0.50 g) as 

45 powder. 

NMR (D2O. 5) : 1.39-2.20 (4H. m). 3.47-3.87 (4H. m). 5.27 (1H. d. J = 5H2). 5.30-5.73 (2H. m), 5.80 (1H, d. 
J = 5H2). 6.95 (1H. dd. J = 17Hz and J = 20H2), 7.11 (1H. s). 7.94. 8.29 (total 1H, each s). 



50 Claims 

1 . Crystalline 7-[2-(2-aminothia2ol-4-yl)-2-hydroxyimino-acetamido]-3-vinyl-3-cephem-4-carboxylic acid 
(syn isomer) which shows the peaks at the diffraction angles shown in the following table in its powder X- 
ray diffraction pattern: 

55 
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diffraction 
angle(*) 



about 14.7 



about 17.8 



about 21 .5 



about 22.0 



about 23.4 



about 24.5 



about 28.1 



2 Crystalline 7-t2-(2.anrilnothia20l-4-ylh2-hydroxyiminoacetamidoh3.vi^ acid 
(syn isomer) which is obtainable by acidifying a solution containing ^pVar^^o^^S^^ 
hydroxyimm^^^^ ^3^, at rooi> temperSrcTu^^^^ 

wsriniriQ* 

3. Oiystamns subsBnco of claim 2. MeMn a soMioii containing 7^2^2^«K)tol-4-yl).2. 
ISSTS'SSXJ"''^''*'''*^ «.« »o~0 I. « so«o„ .„ 

«n,p'o™Sr:'r^rnS^r40%TrpH*:o^?:7 o. ao^on . « 

5 Crystalline 7-(2-(2-aminothiazol^ylh2-hydroxyiminoacetamidoH-w acid 
S2r:;2^S? ? *^^<"^'"9 7-[2-(2.amlnothiazol-4-yl).2.hydroxyi^inoac5^^^^^ 

3,1^^Znt5?^J' l'^'"^'^ ^ "'^""""'"9 t° stowly under warming, 

then ctxjiing the solution to room temperature and allowing the solution to stand ' 

6. A process for preparing crystalline 7.l2K2-aminothia20l-4-yl)-2-hydroxyiminoacetamido-3-vinvl-3- 
cephemwt^arboxylic acid (syn isomer) which comprises acidifying a soLon^SSS 

p^s™rw2;i~^'^^^^^^^^ <^ is<^ra;"Lm^^^ 

7. A process of claim 6. wherein a solution containing 7-[2-(2-aminothia2ol^vl>-2- 

^Tsrcrsr"^'-^^^^^^^ - so^^^:^^ 

o«nh«J^Z'T^^■^°' "'^^"^ crystalline 7-[2-(2-amlnothiazol-4.yl)-2.hydroxyiminoacetamidoh3-vinyl-3. 
cephem-4^arboxyl,c ac.d (syn isomer) which comprises dissolving 7.[2-(2-aminoHSoirJh2^ 

rrzriTr**?^'^"^:'^'''"'"^^ <=y" ^^^^^^ ^ icohorssg^o s«r 

S^fnd temperature and allowing the so°uto«n 

10 A pharmaceutical composition containing the crystal of any of claims l to 9 as active ingredient in 
assoc.at.on with a pharmaceutically acceptable, substantially non-toxic carrier or excip.Sit 

prevlntn'^g'^S^ordirers"'^ ^'^""^ ' ' '"^^'^^^ --^'^-^ - 

12. A crystalline compound of any of claims 1 to 9 for use as a medicament 

13. A crystalline compound of any of claims 1 to 9 for use In treating or preventing infectious diseases. 
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